The Abelson-virus-transformed mouse pre-B-cell line 18-81 switches almost exclusively from g to "/2b. From nuclear extracts of this cell line, we have isolated a factor that specifically binds to Sb. After an eight-step purification scheme, in which different types of DNA-affinity chromatography were used as key elements, we obtained a preparation with two narrowly spaced bands at approximately 69 kD on a silver-stained SDS gel. Binding specificity of main-peak fractions of affinity-purified proteins was analyzed by gel shift assays in which S but not 2b, S w competes. The results are consistent with this factor being part of the switch recombinase.
INTRODUCTION
The earliest antibodies produced during the course of an immune response are of the class IgM. As the response proceeds, antibodies with the same specificity of other classes are produced and IgM production declines. This heavy-(H-) chain class switch is not a population phenomenon; a committed B cell that produces an IgM antibody can switch to the production of another class of immunoglobulin (Wabl et al., 1978) . The molecular basis of the H-chain class switch is the deletion of a stretch of DNA from 5' of Ct to 5' of the C H gene segment to be expressed (Honjo and Kataoka, 1978; Jfick et al., 1988; Iwasato et al., 1990; yon Schwedler et al., 1990) . The deletion results from a genetic exchange, with the deleted material being excised as a circular DNA molecule, the so-called switch circle (Jfick et al., 1988; Iwasato et al., 1990 ; yon Schwedler *Currenw address: MRC Cell Mutation Unit University of Sussex BNI9RR U.K.
et Harriman et al., 1993) . Most recombination break points lie within the so-called switch (S) regions. These are repetitive DNA sequences 5' of all C H gene segments except C (Shimizu and Honjo, 1984) .
Their overall length (1-10 kb), as well as the length of their repeat units, is variable. However, all switch regions share some homology. By using St as reference sequence, the degree of homology decreases in the following order: St > Se > Sa > Sv3 > Sv > Sy2b > Sy2 (Nikaido et al., 1982; Stanton and Marcu, 1982) .
Little is known about the switch recombinase, the putative enzyme-mediating switch recombination. However, such an enzyme complex must perform the three basic functions of binding, cutting, and ligating. In a current model of class switching, the future C u gene segment is targeted by transcription and/or demethylation (reviewed in Lin et al., 1992; Siebenkotten and Radbruch, 1995;  ous cytokines produced by T cells (reviewed in Finkelman et al., 1990) . Recombination of S regions would then proceed, possibly mediated by the normal recombination and repair machinery. Indeed, evidence has accumulated that so-called germ-line transcripts are necessary for switch recombination (Lennon and Perry, 1985; Stavnezer-Nordgren and Sirlin, 1986; reviewed in Lin et al., 1992; Lorenz et al., 1995) . But other loci are being transcribed as well, so switch recombination needs to be restricted to S regions; that is, the transcripts themselves may take part in the reaction (Lorenz et al., 1995) , or their translation product (Bachl et al., 1996) .
Recombination of an isolated (Borggrefe et al., 1996) or transfected (Daniels and Lieber, 1995) switch substrate now can be assayed in vitro, and this has revealed a dependence of the switch recombination on transcription (Daniels and Lieber, 1995) . There has been some progress in defining consensus recognition sites by analysis of DNA sequences around recombination break points (Wuerffel et al., 1992; Chou and Morrison, 1993; Kenter et al., 1993) , but a more extensive analysis has failed to find such a sequence (Dunnick et al., 1993) . In the last few years, there have been reports of several factors that bind to various switch regions, and sometimes to other loci as well, in humans and mice (Wuerffel et al., 1990; Schultz et al., 1991; Xu et al., 1992; Fukita et al., 1993; Mizuta et al., 1993; Kenter et al., 1993) . To our knowledge, no function in switch recombination has been shown for these proteins. To date, only the genes encoding a factor that binds single-stranded DNA related to S, have been cloned from mouse and humans Mizuta et al., 1993) . Two other polypeptides were shown to be transcription factors with targets located also outside of switch regions (Waters et al., 1989; Barberis et al., 1990; Schultz et Liao et al., 1992; Williams et al., 1993; Brys and Maizels, 1994; Liao et al., 1994; Neurath et al., 1994) .
We have assumed that specificity during switch recombination is not entirely determined by cytokine specificity, that is, that specificity is also conferred by factors that bind to S regions. Nontransformed pre-B cells do not seem to switch at all. Nevertheless, all mouse Abelson-virus transformed pre-B cells switch almost exclusively from la to 72b (Burrows et al., 1981 (Burrows et al., , 1983 Alt et al., 1982; Akira et al., 1983 pooled, diluted to 100 mM NaCI, and passed over a 50-ml BioRex 70 column. Bound material was released with a linear 300-ml 100-1000 mM linear gradient followed by a 2 M NaC1 wash. Fractions 16-40 eluting at 100-310 mM NaC1 and containing 1.l-rag protein (NaC1) were pooled, concentrated on a 1-ml DEAE column, and loaded in 50 mM NaC1 onto a Streptavidin-agarose-S%b-DNA column (SAS). After elution with 250 mM NaC1 and adjustment of pooled active fractions to the proper loading conditions, the material was passed a second time over the SAS column under the same conditions. Pooled active fractions were adjusted to 50 mM NaCI and applied to a third affinity column, which was eluted in steps of 100, 150, 200, and 250 mM NaC1. The 100-and 150-raM eluates contained different gel shift activities, which were well separated from each other (not shown); only the former was studied further. Silver-stained SDS gels of the 100 mM NaC1 fractions are shown in Fig. 2 . Active samples from 100 mM NaC1 eluates were pooled, diluted to 50 mM, and applied to a fourth SAS column, which was successively eluted with buffer containing 65, 75, and 100 mM NaC1. Silver-stained SDS gels are shown in Fig. 3 . DNA-binding activity was detectable in the first two steps only after concentration. In the 100 mM NaC1 eluates, the activity peak was maximal at fractions 76-78. The activity decreased rapidly toward the inactive fraction 70 and much more slowly toward the inactive fraction 96. There were few proteins left in the shift-positive fractions, which we will call "SAS-purifled" fractions hereafter. The major band is about 69 kD.
A +++++ s 2 3 4 5 6 7 8 9 1011121314151617 ""5 mM NaCi 100 mM NaC! R "'+ 4-++4-4-1 2 S 3 4 5 6 7 8 91011 12 13141516171819 100 mM NaCI F T FIGURE 2 Silver-stained gels of eluates from the third affinity col- likely that it is the LR-1 factor, which has been described to be a 106-kD protein (Williams et al., 1993) .
We conclude that the 69-kD factor that specifically binds to Sv2b is likely to be a novel protein.
MATERIALS AND METHODS

Nuclear Extracts
Cells of the Abelson-virus-transformed mouse pre-Bcell line 18-81 were grown to 0.5 to 2 106/ml. Nuclear extracts (200 mg) were prepared from 261 of cells according to Ausubel et al. (1987) with the following modifications: All buffers contained mM PMSF, lag/ml Leupeptin, Pepstatin, and Aprotinin. Hypotonic buffer for swelling as well as all subsequently used buffers were supplemented with 0.1% NP-40. The final NaC1 concentration during the 45-min extraction was 405 mM. Before freezing, samples were adjusted to 100 mM NaC1 and 20% glycerol by dilution rather than by dialysis.
Column Chromatography
All steps were performed at 4C. The basic buffer was 20 mM HEPES, pH 7.9, 20% glycerol, mM DTT, 0.1 mM EDTA, mM PMSF, as well as lag/ml E-64, Leupeptin, Pepstatin, and Aprotinin. Flowthrough, washes, and eluted fractions were screened for DNA-binding activity by gel shift assays. Determination of protein concentrations was done with Bradford assays.
To prepare the SAS affinity column, 5.1 ml Streptavidin agarose was washed with 2 M NaC1, TE, 0.1% NP-40 followed by PBS. Biotinylated (double-stranded) 57-bp S2b DNA (300 lag) in 3 ml fill-in mix with 0.1% NP-40 was passed over the column four times before washing with PBS, 0.1% NP-40, mM EDTA followed by 2 M NaC1, TE, 0.1% NP-40, then 100 mM (Nikaido et al., 1982) 57-mer S, (Nikaido et al., 1982) 57-met S# (Nikaido et al. 1982) 57-mer NFcB (Urban et al., 1991) 57-mer C, (Schreier et PhiX 174 RF (Sanger et al., 1978) . DNase I Footprinting and AG Chemical Sequencing. These were done according to Ausubel et al. (1987) .
Strand scission was done in 10 lal 100 mM NaOH, mM EDTA for 30 min at 90"C. After precipitation, samples were run on a 6%, 7 M urea sequencing gel.
